1. Introduction {#sec0005}
===============

Childhood adversity is common and predicts a host of negative mental and physical health outcomes ([@bib0290]). Such experiences also shape the neural circuitry underlying emotion processing and regulation ([@bib0135]). Here, we examined a predominantly low-income sample of adolescents who have been followed since birth to better understand how specific dimensions of early adversity prospectively shape adolescent white matter connectivity between the amygdala and subregions of the prefrontal cortex (PFC), as well as the association between this white matter and amygdala reactivity during socioemotional processing.

Examining dimensions of adversity, that are modeled separately from socioeconomic status, may elucidate how complex experiences influence the brain and may contribute to negative consequences ([@bib0005]; [@bib0215]). Previous research highlighted two core dimensions -- threat and deprivation -- that have roots in neurobiological research ([@bib0215]). Further, behavioral research using this dimensional framework found that modeling the dimensions as cumulative exposure compared to a binary incidence variable (i.e., whether the person had experienced threat or deprivation) better predicted child outcomes ([@bib0325]). The present study examined two similar dimensions: (1) violence exposure and (2) social deprivation. Violence exposure is characterized by witnessing or being the victim of home and community violence. Social deprivation is defined as a lack of home and community emotional support ([@bib0130]). These dimensions exist on continua: violence exposure ranges from low (i.e., safety) to high and social deprivation from low (i.e., high levels of home/neighborhood support) to high (i.e., lack of support). Violence exposure is posited to alter regions of the brain involved in fear learning and emotion regulation, including the amygdala and PFC ([@bib0215]). Compounding the stress of violence exposure, co-occurring social deprivation may exacerbate the effects of violence exposure and, conversely, low social deprivation (i.e., social support) may act as a buffer ([@bib0305]; [@bib0315]).

Diffusion MRI (dMRI) work in this area is limited and has yielded mixed results ([@bib0220]). Moreover, to date, the potential effects of different types of adversity (i.e., threat versus deprivation) on white matter connectivity have not been investigated simultaneously within the same analyses to understand how these complex exposures shape the brain. Retrospective reports of early social deprivation (i.e., neglect) have been associated with decreased strength of structural connections between the amygdala and PFC ([@bib0125]). Additionally, one study found that retrospective reports of threat, specifically, trauma were associated with increased strength of the uncinate fasciculus ([@bib0120]), the major bundle of white matter connecting the PFC and subcortical regions ([@bib0225]). However, reported studies have also found null effects of threat, deprivation, or mixed exposures on the fronto-amygdala white matter ([@bib0030]; [@bib0065]; [@bib0235]). The vast majority of existing dMRI work examining adversity, though not all ([@bib0190]), has used diffusion tensor imaging (DTI) ([@bib0125]) which measures bundles of white matter in aggregate. Much of the DTI literature on adversity has focused on the uncinate. However, DTI does not permit precise mapping of white matter tracts between specific structures, such as the amygdala and particular PFC subregions.

Probabilistic tractography uses dMRI to precisely map white matter tracts between structures ([@bib0025]). This method, in a smaller subset of the current sample, showed that amygdala white matter connectivity with the orbitofrontal cortex (OFC -- Brodmann's Area (BA) 47, 11), dorsomedial PFC (BA10), and subgenual cingulate (BA25) was greater than amygdala white matter connectivity with other PFC regions, such as the dorsal anterior cingulate and dorsolateral PFC ([@bib0095]). Non-human primate studies also provide support for specific amygdala connectivity with the OFC, dmPFC, and subgenual cingulate ([@bib0280]; [@bib0330]). Additionally, our previous work revealed that adolescents with less white matter connectivity between the amygdala and the OFC (right BA47, left BA11) and dmPFC (bilateral BA10), but not the dorsolateral PFC, anterior cingulate, or subgenual cingulate, showed greater amygdala activation to threatening faces ([@bib0095]). Thus, the OFC, dmPFC, and subgenual cingulate seem to be well-connected via white matter to the amygdala. Additionally, amygdala--OFC and amygdala--dmPFC connectivity may play an important role in emotion processing and regulation; however, the effect of dimensional adversity on this white matter has not yet been examined.

Building on [@bib0095], we used probabilistic tractography to assess whether violence exposure across childhood (ages 3, 5, 9 years) predicted adolescent (15--17 years) amygdala--PFC white matter connectivity with a focus on OFC, dmPFC, and subgenual cingulate subregions in a longitudinal, sample with a substantial representation of African American and low-income participants --- populations that are underrepresented in neuroimaging research ([@bib0075]). We also examined whether the degree of social deprivation in childhood predicted adolescent amygdala--PFC white matter microstructure through interaction with violence exposure. We hypothesized the following: childhood violence exposure would be associated with adolescent amygdala--PFC white matter connectivity; and the interaction between childhood violence exposure and social deprivation would be associated with white matter connectivity such that the effects of high violence exposure would be buffered by decreasing social deprivation. In addition, because [@bib0095] was conducted on a smaller subsample (N = 141) of the data used in the present study, and utilized a different diffusion data cleaning pipeline, we attempted to reproduce the associations observed between amygdala--PFC white matter connectivity and amygdala activation in the current, full sample (N = 152).

2. Materials & methods {#sec0010}
======================

These hypotheses, variables, and analyses were preregistered with the Open Science Framework (<https://osf.io/spguw>) and the data will be available on the NIMH Data Archive (<https://nda.nih.gov/edit>\_collection.html?id = 2106). Prior to preregistering these hypotheses, we had examined the diffusion MRI data on the 141 participants ([@bib0095]). In this analysis, we examined how the probability of amygdala--PFC white matter connectivity predicted amygdala reactivity to threatening faces; however, we had not evaluated any associations between the early environment and diffusion MRI data.

2.1. Participants {#sec0015}
-----------------

One hundred eighty-three adolescents (15--17 years) sampled from the Detroit, MI, Toledo, OH, and Chicago, IL sites of the Fragile Families and Childhood Wellbeing Study (FFCWS) were included in the present study (see Table A1 for sample demographics and exclusion criteria). The FFCWS is a population-based sample of children born in large US cities, with an oversample of non-marital births (∼3:1) ([@bib0285]). When weighted, the FFCWS represents children born at the turn of the century in American cities of 200,000 or more. When not weighted (as here), given the oversample for non-marital births, the sample represents mostly low-income, urban families. Given the demographics and sample sizes in Detroit, Toledo and Chicago ([@bib0140]), a majority of the sample identified as African American. FFCWS families were interviewed at the birth of the focal child, and again when the child was 1, 3, 5, 9, and 15 years of age. The University of Michigan Medical School IRB approved this study (UM IRBMED: HUM00074392). Informed consent was obtained from the parent/legal guardian for both their participation and their teen's participation and informed assent from the adolescent. These data overlap with prior work from our research group: fMRI and dMRI data, but no environmental data ([@bib0095]; [@bib0140]); violence exposure and social deprivation composites, but no MRI ([@bib0240]).

2.2. Behavioral measures {#sec0020}
------------------------

### 2.2.1. Childhood violence exposure and social deprivation composite scores {#sec0025}

Violence exposure and social deprivation were assessed using composite scores calculated using data from the Fragile Families and Child Wellbeing study at ages 3, 5, and 9 years. Both constructs included primary caregiver or mother report of experiences that directly (i.e., child physical and emotional abuse, child physical and emotional neglect) and indirectly (i.e., intimate partner emotional, physical, or sexual violence against mother, intimate partner support for mother, community violence, community support) affect the child. The primary caregiver was primarily a biological parent or family member. One participant's primary caregiver was not a relative. No participants were in the foster care system. We considered violence exposure to exist on a continuum where higher scores represented more violence exposure and lower scores represented more safety. We considered social deprivation to exist on a continuum where higher scores (e.g., where the child experienced either more neglect or witnessed less social support for their mother or less neighborhood social cohesion) approximated deprivation and lower scores (e.g., where the child experienced less neglect or witnessed more social support for their mother or more neighborhood social cohesion) approximated social support. Our approach of including experiences with varying levels of proximity to the child across multiple time points allowed us to comprehensively assess the child's cumulative, dimensional exposure to violence and social deprivation across childhood as has been done in previous research ([@bib0130]; [@bib0210]). With this approach, we did not unpack the effect of proximal versus distal experiences, the effect of the developmental timing of exposures; however, those are important future research directions. These composite scores were first utilized in previous work from our group ([@bib0130]). All items at each time point were weighted equally. See Appendix B in Supplementary materials for specific items and the scales that they come from.

To calculate composite scores, the Z scores (zero-centered) for each of the childhood experiences (child abuse, exposure to intimate partner violence, community violence, child neglect, lack of romantic partner support, lack of neighborhood social cohesion) were summed for each of the childhood experiences within a cumulative dimension (violence exposure and social deprivation) ([@bib0310]) and then divided by the number of childhood experiences within a dimension for each participant, thus maximizing the number of participants and the diversity of the sample by minimizing drop out due to missing data at any given wave. This means that a score of 0 is approximately average for the sample for that dimension. Scores greater than 0 represent higher than average violence or social deprivation and scores below 0 represent low violence or low social deprivation (i.e., social support). We then mean-centered the scores for violence exposure and social deprivation and created an interaction term ([@bib0130]). In our sample, violence exposure and social deprivation were correlated at *r*(181) = 0.50, *t* = 7.69, *p* \< 0.001, but the variance inflation factor (VIF) was 1.326 (Figure A1, Table A2). VIF reflects how much the estimated regression coefficients are increased due to collinear independent variables. Cutoffs are typically between 5--10, therefore, based on the VIF reported here, the multicollinearity of violence exposure and social deprivation was low ([@bib0060]; [@bib0300]).

### 2.2.2. Gender identification (faces) fMRI task {#sec0030}

During fMRI data collection, participants completed an event-related emotional faces task in which they were instructed to identify to the gender of emotional faces displaying one of five emotions: fearful, happy, sad, angry, neutral. Details of the task are in the Appendix B in Supplementary materials (and see [@bib0095]; [@bib0140]). Participants who achieved less than 70 % accuracy on the Faces Task were excluded (N = 15). Average task accuracy was 94.74 %.

### 2.2.3. Covariates {#sec0035}

To address potential confounds, the present analyses adjusted for race/ethnicity, maternal education at birth, and maternal marital status at birth. We controlled for maternal marital status at birth due to the oversampling of non-marital births in the FFCWS study ([@bib0285]). Additionally, we adjusted for adolescent pubertal development, adolescent internalizing psychopathology and adolescent life stress to ensure that observed effects were not driven by these adolescent factors. Adolescent internalizing psychopathology was assessed using a multi-method, multi-informant latent factor score constructed from the following measures: (1) K-SADS ([@bib0185]) clinician report of past and current symptoms of dysthymia, social phobia, generalized anxiety disorder, major depression, and phobia and (2) parent and child report on the Mood and Feelings Questionnaire ([@bib0020]), Child Depression Inventory ([@bib0145]), and the Screen for Child Anxiety Related Disorders ([@bib0035]) (See Appendix B in Supplementary materials and [@bib0130] for more detail including the CFA fit statistics). Current life stress was used as a covariate in the present analyses and was measured using the Adolescent Life Events Scale (adapted for [@bib0295] from [@bib0080] and [@bib0200]). This scale assesses the experience of common adolescent stressful life events in the past year. Descriptive statistics for all covariate variables are in Table A2. See Appendix B in Supplementary materials for more information on how covariates were measured. All analyses were done *with and without* covariates.

2.3. MR measures - adolescence {#sec0040}
------------------------------

MR images were acquired using a GE Discovery MR750 3 T scanner with an 8-channel head coil located at the UM Functional MRI Laboratory. Head movement was minimized through: (a) instructions to the participant and (b) padding and pillows placed around the head, which are well-tolerated, yet limit motion. These procedures have been outlined in previous work ([@bib0095]; [@bib0140]).

T1-weighted gradient echo images were taken before the functional scans using the same field of view (FOV) and slices as the functional scans (TR = 12 ms, TE =5 ms, TI =500 ms, flip angle = 15°, FOV =26 cm; slice thickness = 1.4 mm; 256 × 192 matrix; 110 slices). DMRI data were collected using a spin-echo EPI diffusion sequence (scan parameters: TR 7250 ms, Minimum TE, 128 × 128 acquisition matrix, 22 cm FOV, 3 mm thick slices (no gap), 40 slices acquired using an alternating-increasing order, b value = 1000s/mm^2^, 64 non-linear directions, five b = 0 s/mm^2^ T2 images (b0) acquired). Functional MRI (fMRI) T2\*-weighted BOLD images were acquired using a reverse spiral sequence ([@bib0090]) of 40 contiguous axial 3 mm slices (TR =2000 ms, TE =30 ms, flip angle = 90°, FOV =22 cm, voxel size = 3 mm x 3 mm x 3 mm, interleaved ascending acquisition).

Slices were prescribed parallel to the AC-PC line (same locations as structural scans). Images were reconstructed into a 64 × 64 matrix. Slices were acquired contiguously, which optimized the effectiveness of the movement post-processing algorithms. Images were reconstructed off-line using processing steps to remove distortions caused by magnetic field inhomogeneity and other sources of misalignment to the structural data, which yields excellent coverage of subcortical areas of interest.

### 2.3.1. dMRI processing {#sec0045}

Diffusion images were converted from DICOM to NIFTI format using MRIcron (dcm2niix -- 2MAY2016) for offline analysis using MRtrix (v.3.0.R3) ([@bib0320]) and the FSL (v. 5.0.9) FMRIB\'s Diffusion Toolbox (FDT) (v. 3.0) ([@bib0175]) (see Appendix B in Supplementary materials for more processing details).

DMRI data were then processed using probabilistic tractography in FSL. This involved building a distribution of diffusion parameters at each voxel using bedpost ([@bib0150]) and estimating the probability of amygdala--PFC white matter connectivity for 4 PFC ROIs bilaterally (8 total) using probtrackx ([@bib0155]) (Appendix B in Supplementary materials). Those ROIs were BA10, BA11, BA25, and BA47 and they were selected due to a previous stronger likelihood of amygdala white matter connectivity in our previous work ([@bib0095]). ROIs, including both seed amygdalae (AAL Atlas) and target PFC regions (TD Brodmann's Areas) were created from masks in WFU PickAtlas ([@bib0195]). The maximum-likelihood of amygdala--PFC connectivity was then extracted for each individual from a group-level peak (6 mm sphere around peak point) identified for each ROI ([@bib0115]) (details in Appendix B in Supplementary materials). The MNI coordinates (x,y,z) for the peak for each target are as follows: BA10 (left: -30, -4, -14; right: 32, -2, -12), BA11 (left: -30, -4, -14; right: 32, -2, -14), BA25 (left: -16, 0, -14, right: 18, 0, -14), BA47: (left: -30, -4, -14; right: 34, 0, -20).

In the present study, we did not use waypoint or termination masks in the probabilistic tractography analysis. Thus, we cannot guarantee that streamlines did not cross the midline or enter the temporal pole. However, this does not appear to be the case for the measured connections here based on the average streamline images (Figure A2).

The dMRI processing approach used (i.e., from bedpostx through data extraction) was identical to a previously reported analysis; however, the present study's sample size was larger (N = 152 with both usable fMRI and dMRI data compared to N = 141) because the dMRI data were processed for artifacts using a different, more reliable, and automated method that allowed us to retain more subjects ([@bib0015]; [@bib0010]; [@bib0320]). Due to the increased sample size and different dMRI cleaning method, we needed to reproduce the associations with amygdala activation seen in [@bib0095].

### 2.3.2. fMRI processing {#sec0050}

First-level statistical analyses for functional activation were performed using the general linear model implemented in SPM12. For each participant, conditions were modeled with the SPM12 canonical hemodynamic response function. Incorrect trials were modeled as a separate condition and were not included in subsequent analysis. A statistical image for each condition contrast in the Faces Task at each voxel was generated. Mean activation was extracted for both the left and right amygdala using MarsBaR (v. 0.44) ([@bib0040]) from the contrast image representing a combination of threat (fear + anger) trials vs. baseline ([@bib0095]; [@bib0140]). ROI masks used in the extraction were created using the left and right amygdala from the AAL Atlas in WFU Pickatlas ([@bib0195]).

2.4. Statistical analysis {#sec0055}
-------------------------

### 2.4.1. Preregistered analyses {#sec0060}

To determine how childhood exposure to violence and social deprivation at ages 3, 5, and 9 years were associated with amygdala--PFC white matter connectivity, we performed eight multiple regression analyses -- one for each amygdala-PFC target pair (bilateral BA10, BA11, BA25, BA47). In each regression analysis, we first ran the analysis without any covariates. Then, we controlled for a list of preregistered covariates, including participant gender (male or female), race (African American, Caucasian, or Other), maternal education at birth, maternal marital status at birth). Additionally, in a separate analysis, we controlled for three variables that we did not pre-register, pubertal status, current life stress, and the internalizing disorders latent factor score ([@bib0130]), in addition to the preregistered covariates, though none of these variables changed the overall effect. We used a Bonferroni-corrected significance threshold based on those eight ROIs (p \< 0.05/8 tests per hemisphere = 0.0063). To interpret significant interactions, simple slope and regions of significance analyses were conducted to determine the nature of the interaction and ensure that the interaction was within our observable data using methods outlined by [@bib0260].

Our main preregistered analysis plan proposed a structural equation model (SEM) where childhood dimensions of early adversity predicted internalizing psychopathology in a way that was mediated by amygdala--PFC white matter connectivity. We did not continue with this analysis plan when white matter connectivity was not significantly associated with internalizing psychopathology (Appendix B in Supplementary materials). Thus, we proceeded with our secondary analysis plan to examine the pieces of the SEM using multiple regression, including the violence exposure x social deprivation interaction. We did not have adequate statistical power to perform a moderated-mediation model to examine the interaction in a larger SEM framework given the likely small effect size ([@bib0265]).

### 2.4.2. Non-preregistered analyses {#sec0065}

Due to the use of an automated diffusion MRI data cleaning and artifact detection method which increased sample size, we reproduced the associations between amygdala--PFC white matter connectivity and amygdala activation that were previously reported where amygdala--OFC (right BA47, left BA11) and amygdala--dmPFC (bilateral BA10) white matter connectivity was associated with amygdala reactivity ([@bib0095]). To do this, we performed eight regressions predicting ipsilateral amygdala activation to threat faces from amygdala--PFC white matter connectivity -- one for each amygdala-PFC target pair (bilateral BA10, BA11, BA47, BA25). In these regressions, we used a Bonferroni-corrected significance threshold (p = 0.05/8 tests = 0.0063).

3. Results {#sec0070}
==========

Probabilistic tractography was used to estimate the white matter connecting the amygdala with all eight PFC targets (bilateral BA10, BA11, BA25, BA47). For a visual representation, see figure A3.

3.1. Violence exposure x social deprivation predicted right hemisphere amygdala--OFC white matter connectivity {#sec0075}
--------------------------------------------------------------------------------------------------------------

The interaction between violence exposure and social deprivation significantly predicted the probability of right hemisphere amygdala--BA47 (OFC) white matter connectivity (Table A3). This association held when adjusting for our pre-registered covariates (gender, race, maternal education at birth, and maternal marital status at birth) (*β* =-0.319, *p* = 0.004) and non-preregistered covariates (pubertal status, current life stress, and internalizing psychopathology in addition to the preregistered covariates) (*β* =-0.317, *p* = 0.005). Contrary to our preregistered hypotheses, there were no main effects of violence exposure or social deprivation. To better understand the interaction in the context of our data, simple slopes and regions of significance are plotted in Figure A4. Simple slopes analysis revealed that when social deprivation was 0.78 or greater, violence exposure and probability of white matter were inversely related (β = -0.29, p = 0.048). When social deprivation was 1 standard deviation below the mean, there was no association between violence exposure and amygdala--OFC white matter connectivity (β = 0.02, p = 0.209). Thus, in our data, at relatively high values of social deprivation, violence exposure was related to a lower likelihood of amygdala--OFC connectivity, suggesting that violence exposure had the greatest association with amygdala--OFC white matter connectivity when social deprivation was also high.

3.2. Violence exposure x social deprivation predicted right hemisphere amygdala--dmPFC white matter connectivity {#sec0080}
----------------------------------------------------------------------------------------------------------------

The interaction between violence exposure and social deprivation significantly predicted the probability of right hemisphere amygdala--BA10 (dorsomedial prefrontal cortex - dmPFC) white matter connectivity (*β* =-0.268, *p* = 0.011). This interaction, however, did not remain significant when controlling for the demographic covariates (*β* =-0.185, *p* = 0.091) (Table C1 in Appendix C). There were no main effects of violence exposure or social deprivation on right hemisphere amygdala--BA10 white matter connectivity.

3.3. Greater amygdala--OFC and amygdala--dmPFC white matter connectivity was related to attenuated amygdala reactivity {#sec0085}
----------------------------------------------------------------------------------------------------------------------

We reproduced results from previous analyses ([@bib0095]). The probability of amygdala white matter connectivity significantly predicted ipsilateral amygdala activation to threatening (fearful and angry) faces for the four PFC regions where it was previously related (bilateral BA10, left BA11, right BA47), even when adjusting for the specified covariates, using a hemisphere Bonferroni-corrected significance level (0.05/8 = 0.0063) such that increased probability of white matter was associated with decreased amygdala activation (Table A4). Additionally, amygdala--PFC white matter connectivity was not related to amygdala reactivity in regions where it had not been related in our previous report (right BA11, bilateral BA25, left BA47) (Table C8 in Appendix C).

3.4. Null findings {#sec0090}
------------------

Violence exposure, social deprivation, or their interaction did not significantly predict the likelihood of *left* hemisphere amygdala--BA10 white matter connectivity, *left* hemisphere amygdala--BA47 white matter connectivity, bilateral amygdala--BA11 white matter connectivity, or bilateral amygdala--BA25 white matter connectivity (Tables C2-C7 in Appendix C).

4. Discussion {#sec0095}
=============

Using an open science framework and preregistered hypotheses, the present study examined how two dimensions of adversity - violence exposure and social deprivation - were associated with structural connectivity between the amygdala and OFC in the right hemisphere, a critical circuit for emotion processing and regulation. Whereas, contrary to our hypotheses, there were no main effects of the two dimensions on white matter connectivity, the interaction of violence exposure and social deprivation at ages 3, 5, and 9 prospectively predicted the degree of right amygdala--OFC white matter connectivity in adolescence. Specifically, the combination of more violence exposure and more social deprivation in childhood prospectively predicted less amygdala--OFC white matter connectivity in adolescence; however, violence exposure was not associated with white matter connectivity when social deprivation was at mean or low levels (i.e., when children were in relatively socially supportive contexts). Thus, social deprivation may exacerbate the effects of childhood violence exposure on the development of white matter connections whereas social support may act as a buffer. This interaction remained even after adjusting for gender, race, pubertal development, current internalizing psychopathology, current life stress, maternal marital status at birth, and maternal education at birth. Importantly, the work was conducted in a well-sampled cohort of adolescents with high rates of poverty and a large proportion of African Americans, groups that are understudied in neuroimaging research ([@bib0075]).

As a secondary objective, we reproduced in an expanded, overlapping sample ([@bib0095]) the finding that increased amygdala--OFC and amygdala--dmPFC white matter connectivity was associated with attenuated amygdala-reactivity to threat faces. This association remained after adjusting for gender, race, pubertal development, current internalizing psychopathology, current life stress, maternal marital status at birth, and maternal education at birth. When considered in conjunction with the violence exposure by social deprivation interaction, these findings suggest that early adversity shapes white matter connections that modulate the amygdala, a structure involved in threat processing ([@bib0250]).

The association between violence exposure and decreased amygdala--OFC white matter connectivity in the context of social deprivation builds on prior work (for review, see [@bib0220]). Extant dMRI research indicates that child maltreatment or trauma are generally, but not exclusively ([@bib0120]), associated with both weaker structural connectivity within the uncinate fasciculus ([@bib0110]; [@bib0125]) and weaker global structural connectivity, including within the OFC ([@bib0275]). Additionally, consistent with the present findings, fMRI work found that violence exposure is associated with altered amygdala activation ([@bib0130]; [@bib0205]) and amygdala--PFC functional connectivity ([@bib0160]; [@bib0180]). Further, neural tract tracer research in nonhuman primates revealed that stress affects amygdala--OFC structural connections via increased levels of dopamine ([@bib0330]) and that amygdala--OFC connections serve as a primary inhibitory pathway for amygdala function ([@bib0280]). Last, research examining the cortisol response to a social stressor in this sample found a similar interaction where the effect violence exposure was exacerbated by high social deprivation ([@bib0240]). Taken together with the increased specificity provided by the current study, childhood violence exposure, when combined with social deprivation, may act as a potent stressor that is associated with decreased white matter in adolescence between the amygdala and the OFC. Expanding on the current DMAP model, our results suggest that the effect of violence exposure (a specific subtype of threat) on fronto-amygdala white matter may depend on the concurrent degree of social deprivation or support.

Extant literature is consistent with the right hemisphere-specific effects of the present study. Amygdala--OFC structural connections are posited to play a role in automatic emotion regulation ([@bib0255]) with right hemisphere connections being more heavily involved in fear extinction learning ([@bib0105]). Further, in healthy adults, greater right hemisphere amygdala--OFC functional connectivity has been observed in response to unpredictable threat ([@bib0100]), supporting the potential inhibitory role of the structural connections observed here.

In addition to the exacerbating effects of social deprivation and violence exposure, the present findings indicate that low social deprivation (i.e., social support) may exert a "protective-stabilizing" ([@bib0270]) effect against the negative behavioral sequelae of violence exposure ([@bib0085]; [@bib0230]). Consistent with the idea of a protective-stabilizing factor, the present study found that social support was associated with a lessening of the negative association between violence exposure and amygdala--OFC connectivity that was observed in the context of social deprivation (i.e., low social support). The present findings suggest that policies aimed at boosting social support for youth in high violence environments may lessen the effect of violence exposure on a primary neural circuit for emotion regulation.

Similar to the interaction in the amygdala--OFC connectivity, we found a violence exposure-social deprivation interaction when predicting right hemisphere amygdala-dmPFC (BA10) connectivity. However, the association was not significant when adjusting for the demographic covariates. BA47, the OFC ROI used, is rostrally bordered by the dmPFC ([@bib0245]), and neighboring cortical regions are often connected ([@bib0045]). Thus, amygdala-dmPFC tracts may pass through the OFC, explaining the weaker association with the dmPFC.

Importantly, in contrast to our hypotheses, there were no main effects of childhood violence exposure or social deprivation on adolescent amygdala--OFC, amygdala--d mPFC, or amygdala--subgenual cingulate connectivity. Thus, it may not be fruitful to consider dimensions of adversity in isolation and out of context of other salient ecological variables ([@bib0210]). Rather, in order to construct a more complete picture of how early adversity influences the brain, it is important to measure and model the effects of multiple dimensions that have been established to impact development.

The present study had limitations worth noting. First, due to the population-based sampling methodology used in the FFCWS, youth were not preselected based on their ability or willingness to participate in an MRI study, a common procedure in many neuroimaging studies. Thus, 41 participants of the available sample were ineligible or refused to complete the dMRI scan. Although it is a limitation that our full sample could not participate, the group of excluded participants does not differ from the included participants on demographic factors. A second limitation is that due to demographics of the current sample, our findings may not generalize to more affluent, rural, or other race/ethnic populations. Third, due to changes in the FFCWS questionnaire at year 15, we were unable to control for current life stress using the composite scores we created for ages 3, 5, and 9 years ([@bib0130]). To compensate, we used a life stress scale to control for current stress and found that it did not impact our main findings, suggesting that the effects were unique to childhood, rather than adolescent, adversity. Additionally, the FFCWS study did not collect data between ages 9 and 15, so it was not possible to prospectively account for exposures during this important developmental period. Fifth, human neuroimaging methods precluded us from determining how white matter may influence the direction of signaling between the amygdala and OFC. Consistent with models from non-human primate neural tract tracer research ([@bib0280]; [@bib0330]), we posit that the OFC inhibits the amygdala; however, the influence may be bidirectional. Previous research identified white matter tracts outside of those preregistered in the present study connecting the amygdala and PFC that may be shaped by early adversity ([@bib0055]; [@bib0165]; [@bib0170]). Additionally, although the present work used Brodmann's Areas for ROI selection, previous work has used different anatomical parcellations. Future research examining potential effects of violence exposure and its interaction with social deprivation on additional pathways and using more precise anatomical parcellations would help to better understand how early adversity shapes the brain. Last, the probability of amygdala -- PFC white matter connectivity in the present study was *not* limited to direct connections. Therefore, the estimates of white matter connectivity likely include indirect paths which pass through other regions of the brain prior to reaching the target region.

Results from the present study clarify possible directions for future research. Although longitudinal environmental data was a strength of the present study, we only had imaging data at one timepoint. Future research with longitudinal MRI data ([@bib0050]) may be able to better examine potential directional relations between dimensional early adversity and the brain by charting trajectories of development. Additionally, future research could characterize possible effects of other dimensions of adversity. We conceptualized violence exposure and social deprivation as composites made up of multiple timepoints in development and sources of exposure to create a cumulative assessment of dimension exposure to violence and social deprivation during childhood. However, it is likely that the proximity of exposure to the child and its developmental timing influence the magnitude of its effect ([@bib0070]). Future research could work to break down the composites for each dimension to determine the importance of source and timing of exposure. Last, the items included in the dimension encompassing social deprivation -- social support do not include all potential sources of social support. Future research should work to account for additional sources of social support (i.e., school connectedness) which may influence white matter.

5. Conclusions {#sec0100}
==============

Exposures related to early adversity are complex and can be broken down into dimensions which may affect brain development in different ways. The present study shows, for the first time, that two dimensions of childhood adversity, violence exposure and social deprivation, interact to predict adolescent white matter connecting right hemisphere amygdala--OFC which is involved in socio-emotional function. Probability of white matter connectivity included both direct and indirect paths between the amygdala and OFC. High childhood violence exposure together with high social deprivation led to a lower probability of amygdala--OFC white matter in adolescence and, based on the negative correlation between amygdala--OFC white matter connectivity and amygdala reactivity, potentially less OFC regulation of the amygdala to threat. This association was not present with low social deprivation (i.e., social support), potentially implicating social support as a neuroprotective factor.
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